Background: Alteration in thyroid activity is a well-known cause of symptoms mimicking psychiatric disorders. There are reports on altered levels of thyroid hormones in patients with certain psychiatric disorders compared to healthy controls; still, the magnitude and importance of the phenomenon is not known. We wanted to explore the level of thyroid hormones in different diagnostic groups in an acute-psychiatric population. We also wanted to follow any change during their stay. Methods: Patients aged 18 years and older admitted to a closed, psychiatric inpatient ward were eligible if giving informed consent. For 539 patients representing all main psychiatric diagnostic groups and with equal gender distribution, data for FT4 were available for 539 patients, and data for TSH were available from 538 patients at admittance. For 239 patients, data for FT4 were available at both admittance and discharge, and the corresponding number for TSH was 236 patients. Results: A significantly higher share of patients had higher levels of FT4 and TSH at admittance than expected for healthy individuals. No significant effect of gender or most diagnostic groups was seen. For female patients with substance-use disorder (SUD), the level of TSH was significantly lower than that for all other diagnostic groups. No other difference in the levels of FT4 and TSH was seen between the main diagnostic groups, and the effect in SUD was not seen in males. For the population with available markers at both admittance and discharge, in total, there was a significant reduction of FT4 from admittance to discharge, not followed by any change in TSH.
Background
Clinical thyroidal disorders mimicking depression and anxiety are well known. Further, thyroid hormones (T3/T4) and thyroid-stimulating hormone (TSH) have been suggested to play a critical role in the regulation of neuronal growth and development, as well as in the alteration of neurocognitive functions including mood and cognition in the mature brain [1] . Although it is established that hypothalamic-pituitary-thyroid (HPT) axis abnormalities may be associated with psychiatric pathophysiology [2] [3] [4] , the HPT pattern in psychiatric patients with non-thyroidal illness is still inconsistent. Altered concentrations of free thyroxine (FT4) have been described in patients with psychiatric disorders such as schizophrenia and affective disorders [3, [5] [6] [7] [8] , but findings are inconsistent; for example, other reports on personality disorder and alcoholism are negative [6] . In addition, an association between thyroid hormones within reference range and cognitive dysfunction in older people has been indicated [1] . The levels of TSH as well as TSH responses to thyrotropin -releasing hormone (TRH) have been described to be different in healthy controls compared to patients with psychiatric disorders, including major depression, bipolar mania, alcoholism, and borderline personality disorder [9, 10] . Thyroid disorders have been described as a risk factor for treatment resistant depression [11] . However, other studies do not find an association between the levels of thyroidal components and neuropsychiatric disorders [1, 12] . Dickerman and Barnhill [13] hypothesized that these considerable variations in thyroid alterations in psychiatric patients may be caused by a response to an underlying systemic illness or by the acute psychiatric illness itself. In line with this, altered levels of FT4 from acute state to remission have been described in schizophrenic patients in one study and attributed to medications [5] , although it is far from being clear. To our knowledge, there are no studies on levels of thyroid hormones in a general psychiatric population at acute admittance.
To summarize, the connection between thyroid status and different psychiatric disorders is not consistently clear, and although an important effect of thyroid hormones on brain function is suggested, it is not clear whether acute psychiatric suffering has an effect.
Thus, the aim of this study was to investigate the relation between the levels of thyroid hormones and different psychiatric diagnoses in a general psychiatric acute inpatient population. In addition, we wanted to study the variation in thyroid status over an acute admission.
Methods

Aim
The first aim was to explore the prevalence of deviating thyroid levels in an unselected psychiatric acute-ward population and potential relations to diagnoses.
The second aim was to study whether there was a change in thyroid levels from admittance to discharge.
Ethics
The study was part of a large study approved by the Norwegian Regional Committee for Ethics (REC, identification number 199/04) and by Middle Norway and Norwegian Social Science Data Services (NSD, identification number 11771).
Design and setting of the study
The study was a cross-sectional study on the prevalence of thyroid levels and a follow up for change in thyroid levels in some of the participants.
Participants were recruited among patients admitted to the only closed, inpatient acute psychiatric ward for a population of 150.000 above the age of 18 years in South-Trøndelag county in the Middle of Norway in the period from 19.10.2004 to 30.11.2006 . Clinical data and laboratory data according to standard clinical procedures in the hospital were available in the patients' files. Patients were given information and asked to consent to participation in a study collecting data on several fields including thyroid status. For patients giving informed consent, the data were collected in a research database, and participants were made anonymous.
Patients and patient characteristics
A total of 585 persons among the 1771 patients admitted in the study period gave written informed consent to participate. Some patients were excluded from these analyses because of disorders of the thyroid gland (International Classification of Diseases version 10 (ICD-10): E00-07) or because of the presence of anti-thyroid peroxidase antibodies (Anti-TPO). Also, patients for whom no measurements of FT4 or TSH were registered were excluded. As shown in Fig. 1 , we included 539 patients with measurement for FT4 and 538 patients for TSH at admittance, and 254 and 252 patients at discharge, respectively. Data were available at both admittance and discharge for 239 patients for FT4 and for 236 patients for TSH.
Upon discharge, the patients' psychiatric diagnoses were set according to ICD-10 research criteria. Final diagnoses were set in a consensus meeting with the physician or psychologist in charge of the patient's treatment and at least two psychiatrists and/or senior clinical psychologist of whom at least one had personally examined the patient. In this study, the main diagnosis was used if multiple diagnoses were set. Diagnoses were categorized into 8 groups based on ICD-10 codes: Substance use disorder (SUD) (F10-19), schizophrenia spectrum disorder (F20-29), mania (F30-F31.2), bipolar depression (F31.3-31.5), unipolar depression (F32-F33), neurotic disorders (F40-49), and personality disorders (F60-69), and all other diagnoses were labeled as 'other'.
Patient characteristics are shown in Table 1 . Mean and median patient ages were 41 and 39 years, respectively. Mean and median days of duration of stay were 12 and 6, respectively. The patient distribution in diagnostic groups is shown in Table 2 . After Bonferroni correction for multiple testing, still significantly more males than females were having SUD diagnoses (x 2 (df ) = 19.528 (7), p = 0.007). For the other diagnostic groups, there was no difference in the gender distribution of diagnoses.
Blood samples and laboratory assays
As part of the standard clinical procedure, FT4 and TSH were measured in blood collected between 7:00 am and 10:00 am the first working day after admission. For some of the participants, the same analyses were done at discharge. Blood was analyzed the same day by immunochemiluminescent procedures at the clinical laboratory at St Olav's University Hospital, Trondheim, Norway on Siemens ADVIA Centaur XPT. The reference ranges for TSH were between 0.56-4.89 mIU/L for persons 16-20 years old and 0.24-3.78 mIU/L for those above 20 years of age. The reference range for FT4 was 11.6-19.1 pmol/L.
Statistics
Characteristics of patients at admittance, shown separately for TSH and FT4, were described as number of samples, age, gender, and duration of stay and were analyzed by descriptive analysis shown in frequencies, mean, standard deviation, and median. In this study, biological variables such as TSH and FT4 were used as continuous scales. The variable for diagnostic groups was used as categorical variable which contained 8 groups. A chi-Square test was conducted to examine the relationship between gender and diagnostic groups. Because the normality of continuous variables assessed by the Kolmogorov-Smirnov test were all skewed, non-parametric statistical analyses were chosen for further analysis. The levels of TSH and FT4 at admittance and at discharge were analyzed by descriptive statistics shown in frequencies, mean, median, and range, in addition to the Wilcoxon signed-ranks test which compares the levels of neuroendocrine biomarkers before and after hospitalization by using TSH or FT4 samples which are available at both admittance and discharge. As preliminary analysis, differences in the levels of TSH and FT4 across the diagnostic groups were assessed by a Kruskal-Wallis H-test both in total and for gender-separated samples. Lastly, the association between a specific psychiatric diagnostic group and the effect of TSH and FT4 in the model was assessed by binary logistic regression for psychiatric diagnostic groups including SUD, schizophrenia, bipolar mania, bipolar depression, unipolar depression, neurotic disorders, and personality disorders, both in total and for gender-separated samples.
If there was a statistically significant difference in any analysis, the Dunn-Bonferroni correction was used for post-hoc test to avoid multiple test problems. For statistical analysis, IBM-SPSS version 22 was used to assess all data. The results were considered significant when the p value was lower than 0.05.
Results
Deviation outside reference ranges of TSH and FT4 in total sample and in different genders and different diagnostic groups 1.7% of the participants had FT4 levels below reference range and 21.9% above. For TSH numbers were 2.6 and 5.8%, respectively. The deviation from the expected value of 2.5% both above and below each reference range is significant for both FT4 (p < 0.000) and TSH (p < 0.000) (calculations not shown). Comparing differences in distribution between diagnostic groups and thyroid hormone ranges did not reveal significant association for FT4 (p = 0.281), while there was a slightly significant difference regarding TSH (p = 0.047). There were no significant differences between genders regarding frequency of patients with levels of FT4 or TSH outside reference levels (Table 3) .
Differences in the levels of TSH or FT4 across psychiatric diagnosis in total and for gender-separated samples Analyzing the total sample did not indicate any association between diagnoses and level of FT4 (x 2 (df) = 2.307(7), p = 0.941). For TSH however, an association was indicated (x 2 (df) = 14.062(7), p = 0.05, Additional file 1: Table S1 ). Separating the population into genders revealed significant differences in the levels of TSH between the diagnostic groups among females. SUD had the lowest mean score (mean score = 1.30 mIU/L), followed by schizophrenia (1.63 mIU/L), unipolar depression (1.70 mIU/L), neurotic disorders (1.85 mIU/L), bipolar mania (1.90 mIU/L), bipolar depression (2.10 mIU/L), other (2.27 mIU/L), and personality disorders (2.32 mIU/L) (Additional file 2: Table S2 ). A post hoc comparison by the Dunn-Bonferroni approach with adjusted p-value, confirmed significant difference among females between SUD and 'other' , of which 'other' had significantly higher TSH levels (Z = − 3.202, SE = 18.321, p = 0.038) and this was confirmed in the regression model (Additional file 3: Table S3 ). No significant difference in the levels of TSH between different diagnostic groups was found for male patients.
Variation in thyroid hormones from admittance to discharge
Data for FT4 were available at both admittance and discharge for 239 patients. Mean (median) levels of FT4 were 17.09 (16.75) pmol/L at admittance, and 16.07 (16.00) pmol/L at discharge. There was a statistically significant reduction from admittance to discharge (n = 239, Z = − 5.680, p = 0.00, Table 4 ).
Data for TSH were available at both admittance and discharge for 236 patients. Mean (median) levels of TSH After Bonferroni correction, only SUD reaches significant Entries in bold are significant at 0.05 level at admittance were 1.85 (1.86) mIU/L, and 1.81 (1.62) mIU/L at discharged. As seen in Table 4 , there was no significant difference in the levels of TSH at admittance and discharge (n = 236, Z = − 0.268, p = 0.789) ( Table 4) .
Discussion
In a general psychiatric acute closed inpatient population with equal gender distribution, levels of FT4 and TSH at admittance deviated from levels expected in the general population with significantly more patients than expected having levels above reference range. There were no differences between neither genders nor different diagnostic groups regarding number of patients outside reference ranges for FT4 and TSH apart from a slight difference for TSH between diagnostic groups. Comparing absolute levels of TSH and FT4 revealed a significantly lower level of TSH in the group SUD compared to other diagnostic groups in females. No significant differences were seen between other diagnostic groups in females, and no significant difference between diagnostic groups was seen in males. Comparing levels of hormones at admittance and discharge (mean 12 / median 6 days later) showed a significant reduction in the level of FT4 during stay, whereas no significant change in the level of TSH was seen.
Hypo-and hyperthyroidism as a cause of symptoms mimicking depression and other psychiatric problems is a well-known clinical phenomenon. We find an increase in both FT4 and TSH over all psychiatric diagnostic groups (maybe except female SUD) without gender differences. Previous studies comparing specific diagnostic groups with healthy controls have found an increased FT4 in depression [5, 8, 14] , bipolar disorders [3] , and panic disorders [7] . Findings are however deviating [12] . Simultaneously, a decrease in FT4 has been described in patients with chronic alcohol use [15] [16] [17] [18] . FT4 and TSH are linked. Associations between depression and level of TSH compared to healthy controls have been found in previous studies [8, 10] . In studies on cannabis users reduced levels of TSH have been reported [19, 20] . There was no SUD substance use disorder, TSH thyroid-stimulating hormone, FT4 free thyroxine Chi-Square Test was conducted to examine a relationship between FT4 and TSH in above and below the reference ranges and gender as well as diagnostic groups Reference range was set by 95% of healthy population Entries in bold are significant at 0.05 level significant association between FT4 and any of the diagnostic groups in our cohort. Only TSH showed a significant difference for one diagnostic group (SUD) and only in females. To our knowledge there are not many other studies on altered thyroid function in patients with substance use disorders except for alcohol and cannabis. As TSH was actually higher than expected in our cohort, the interpretation of our finding may simply be that women with SUD were the ones with most normal levels of TSH, all other diagnostic groups having increased levels. There is no obvious explanation for the absence of this effect in the male group. There are however gender differences regarding hormones [8] and this might contribute to altered sensitivity to stress as well as to psychoactive substances. Psychotropic medication is of relevance in many psychiatric patients. Glucocorticoids, l-dopa and dopamine may reduce TSH-activity, while Li and dopamine-antagonists may increase it [21, 22] . Unfortunately, we did not register data on participants' use of medications. The majority of patients would however not be on medications increasing thyroid function at admittance.
Our study comparing a broad variety of psychiatric diagnostic groups thus supplements the field indicating that the altered levels of thyroid hormones found in specific diagnostic groups compared to healthy controls is a broad psychiatric phenomenon reflecting psychic stress in general, not specific to certain diagnoses. This also is in line with the findings by Spratt in a general psychiatric acute inpatient population [23] , although the potential variation over different diagnoses was not studied there. One explanation for the lack of relation between FT4 and diagnostic groups in our study could be the lack of power (small groups) or the acute-stress effect masking any differences between diagnostic groups, emphasizing the strength and potential clinical importance of the acute stress. This also emphasizes that altered thyroid function is not only potentially a cause of psychiatric symptoms but also, as postulated by Parry in 1825 [24] , can be a result of emotional stress.
At admittance a higher number of patients than expected had FT4 above reference range. There then was a significant reduction in the level of FT4 from admittance to discharge. No significant change in TSH was seen. In a study with longer follow up (mean 21 days) in 22 acutely ill patients [23] , a decrease in FT4 was seen, and in another longer follow up (mean 29 days) on acutely ill psychotic patients, both a decrease in FT4 and an increase in TSH were seen. However, despite a longer follow up than in our study, the increase in TSH was seen in fewer patients than those with a decrease in FT4 (41% vs 66%) [25] . Together, the findings indicate that the change in FT4 is not primarily driven by the central TSH as one could expect according to theories on the effect of psychiatric stress on the pituitary gland. Bunevicius suggests that the reduction in FT4 [25] is due to the use of antipsychotics. This would be in line with the mood stabilizer Li + known to cause hypothyroidism by reducing production in the thyroid gland [26] . Bunevicius et al. however have no control group without medication preventing the disclosure of an effect independent of medications. Unfortunately we have not recorded use of medications in patients. However, as the whole diagnostic specter was represented no single group of medication would be used and not all patients would have medications. Besides, the significant number of patients with FT4 above reference range at admittance increases likelihood that a reduction for normalization is expected. The mechanism for this peripheral effect of stress on the thyroid gland could involve receptors for stress hormones such as cortisol and adrenaline in the thyroid gland; this, however, remains to be explored further.
Taken together, our findings do not link alterations in TSH / FT4 to any specific diagnoses but rather to psychiatric suffering in general. In line with this, there is a significant reduction in the level of FT4 over a mean 12-day (median 6-day) stay in a psychiatric acute ward.
Limitations and strengths
There are several limitations to our study. The duration of stay was relatively short, lowering the possibility to detect a variation over time. However, at the same time, the registered variation in FT4 from admittance to discharge is thus more important because it reveals a dramatic change over a short time.
The number of participants is not large compared to epidemiological studies, although it is rather high for this kind of population and compared to other studies in acute-ward populations.
We do not have a group of healthy controls that could improve clarification of findings.
Data on patients' use of medications is not included. As discussed above this is a weakness. However, our aim was to study the thyroid status in the psychiatric patients independent of the etiology of any deviation. This is interesting as deviating thyroid status may cause problems for the patients and need attention and treatment independently of its etiology.
All main psychiatric diagnostic groups were included in the study, and the wards represented the only closed, acute psychiatric inpatient service in the area, reducing the likelihood of social selection and loss of important groups. The possibility to use data for persons at the time they are acutely ill at admittance is a strength.
Conclusion
Our study indicates that there is an overall increase in the level of FT4 and TSH in the acute psychiatric ill population independent of diagnoses and that there is a reduction (normalization) during the acute stay. There is no significant change in TSH, and the change in FT4 is quick (median duration of stay was 6 days), indicating that the change in FT4 is not driven by TSH. The effect of psychological stress via hypothalamus and TSH has been suggested previously; our study indicates that another mechanism must be causing this. Cortisol and adrenaline binding directly to the thyroid gland are candidates, although the mechanisms are, to our knowledge, not known.
The findings indicate that psychological stress may affect somatic functions in ways not known so far, a phenomenon that may have implications for treatment and somatic follow up of severely ill psychiatric patients.
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